I n the current era, extracorporeal membrane oxygenation (ECMO) is one of the appropriate tools for cardiopulmonary mechanical support after reparative surgery for congenital heart disease. 1, 2 Mechanical support is specially indicated for lesions and procedures in which transient postoperative myocardial dysfunction is expected and there is a reasonable chance of recovery. 3 The usual postcardiotomy ECMO technique involves the replacement of the conventional extracorporeal circuit with a special closed ECMO circuit and oxygenator. We describe a modification of the cardiopulmonary bypass (CPB) circuit to create a closed ECMO circuit for short-term support, by using the standard parts of a conventional CPB circuit.
Patients and Methods
From November 2001 to June 2003, a specially designed CPB circuit was indicated in 13 patients in whom the possible need of postoperative ECMO was expected. The indications were anomalous left coronary artery arising from pulmonary artery, hypoplastic left heart syndrome, D transposition of the great arteries older than 4 weeks, and preoperative severe heart failure with inotropic use and assisted ventilation. Four patients ( Table 1 ) who could not be weaned from CPB due to severe low cardiac output received short-term cardiac ECMO with this technique.
The modifications of the CPB circuit to allow its use as an ECMO circuit postoperatively were as follows:
1. A bypass containing an ECMO bladder (VRECMOS, Gish Biomedical, Rancho Santa Margarita, Calif) was inserted in the venous line, bypassing the cardiotomy reservoir ( Figure  1 , A). The bladder was not primed to allow resterilization. 2. A longer S-70 polyvinylchloride tube was used for the raceway. 3. The hemofilter was placed in the arterial line ( Figure 1, A) .
A pump console with in-
terchangeable pump modules was used to allow removal and placement of the module on the ECMO cart (CINCO, Wakefield, Mass) ( Figure 1, A) .
Medtronic
Minimax Plus oxygenators (Medtronic, Minneapolis, Minn) were utilized in patients 1, 2, and 3. Patient 4 received a Polystan Safe Micro oxygenator (Polystan AS Vaerløse, Denmark) ( Figure 1, A) . CPB was conducted in the usual fashion with right atrial and aortic cannulation. When postbypass hemodynamics were not satisfactory, the patient continued on CPB via the closed-circuit ECMO. To achieve this, the line containing the bladder was blood-primed, the line to the cardiotomy reservoir was closed, and the line with the ECMO bladder was opened (Figure 1, B) . The activated clotting time (ACT) was then dropped to 200 seconds by adding protamine sulfate to the ECMO prime. While the surgical team worked on hemostasis, the pump team placed the ECMO bladder in the ECMO bladder box and connected its electrical output to the pump module. The pump module was then removed from the pump console and placed with the bladder box in a battery-operated 2-level ECMO cart. The cardiotomy reservoir was removed and discarded and its in and out lines secured ( Figure  1, B) . Additionally, the oxygenator and the ECMO bladder box were mounted on the ECMO cart. When bleeding control was achieved, the sternum was left open and conventional dressings were applied in the wound. Patients were transported to the intensive care unit using the top level of the ECMO cart as a bed. ACT levels were kept at 180 seconds during the first postoperative day and subsequently raised to 200 seconds. Patient characteristics and outcomes can be seen in Table 1 .
Discussion
Use of ECMO had been restricted to centers in developed countries because its use involves specific equipment with a hardware cost of approximately US$2000 per patient. That kind of expense prevented the use of ECMO in emerging economies, such as Argentina. The possibility of using the same circuit that was used in the extracorporeal circulation allows a significant drop in expenses, reaching an extra cost of only US$200, which is the price of the ECMO bladder. If the ECMO circuit is not used, the bladder is not primed and can be resterilized. Thus, the only extra cost when ECMO is not needed is the ethylene oxide resterilization of the ECMO bladder.
In patients in whom the need of short-term ECMO is expected, this technique has several advantages other than cost itself, such as decreasing the use of blood products, hemodynamic stability since there is no need for reconnecting cannulas to the ECMO circuit, and ease of transportation to the cardiac intensive care unit. Another advantage of the method is the possibility of performing hemofiltration on conventional CPB and on ECMO using the same hemofilter.
Conventional oxygenators, like Medtronic Minimax Plus, 4 have been used for short-term ECMO with acceptable durability. In our experience, these oxygenators last up to 6 days.
In conclusion, this method allows the use of postcardiotomy ECMO with minimal extra expense and may contribute to widespread use in underdeveloped countries.
Surgical care of patient 3 was undertaken by Dardo Fernandez Aramburu, MD.
Addendum
Since submission of this article, another patient successfully underwent postcardiotomy ECMO using this technique. The patient 
